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Description 

TpQhnic^l figKj 

[0001 1 The present invention relates to biotechnology, and more specif tcally to a mefthod for producing amino add, 
espectatly for a method for producing L-homoserine, L-threonine, L-valine or L-leucine using a bacterium belonging to 
the genus Escherichia. 

Background Art. 

[0002] The present inventors obtained, with respect to 'E. coli K-1 2, a mutant having nnutation. thrR (herein referred 
to as rhtA23) that is concerned in resistance to high concentrations of threonine or homoserine in a minimal medium 
(Astaurova, O.B. et al., Appl. Bioch. And Microbiol., 21. 61 1-616 (1985)). The mutation irrproved the production of L- 
threonine (SU Patent No. 974817), homoserine and glutamate (Astaurova. O.B. et al. Appl. Bioch. And Microbiol., 27, 
556-561 . 1 991 ) by the respective E. coli producing strains. 

[0003] Furthermore, the present inventors has revealed that the rhtA gene exists at 1 8 min on E. coli chromosome 
and that the ttitA gene is identical to ORF1 t^etween pexB and ompX genes. The unit expressing a protein encoded by 
the ORF has been designated as rhtA (itit: resistance to homoserine and threonine) gene. The rhtA gene includes a 
5'-noncoding region including SD sequence. ORF1 and a terminator. Also, the present inventors have found that a wild 
type rhtA gene participates in resistance to threonine and homoserine if doned in a multicopy state and that the rhtA23 
mutation is an A-fbr-G suljstitution at position -1 with respect to the ATG start codon (ABSTRACTS of 1 7* International 
Congress of Biochemistry and Molecular Biology in conjugation with 1997 Annual Meeting of the American Society for 
Biochemistry and Molecular Biology, San Frandsca California August 24-29, 1997, abstract No. 457). 
[0004] It is fourxJ that at least two different genes which inrpart threonine and honx>serine resistarx^e in a multicopy 
state exist in E co// during doning of the rhtA gene. One of the genes is the rhtA gene, and the other gene was found 
to be rhtB gene which confers honruiserine resistance (Russian Patent Application No. 981 18425). 

PrsciQSure of the Invention 

[000$] An object of the present invention is to provide a a method for produdng an amino add, espedally. L-homo- 
serine. L-threonine and branched chain amino adds with a higher yield. 

[0006] The inventors have fourKi that a region at 86 min on E. coli chromosome, when doned by a multicopy vector, 
impart resistance to L-honrx>serine to cells off E. coli, the inventors further found that there exists in the upstream region 
another gene, rtitC. which involves resistance to threonine, and that when these genes are anplified. the arrtino add 
productivity of E coli can be improved like the rhtA gene. On the basis of these findings, the present invention have 
completed. 

[0007] TTius. the present invention provides: 

(1) A bacterium belonging to the genus Escherihia. wherein L-threonine resistance of the bacterium is enhanced 
by enhandng an activity of protein as defined in the following (A) or (B) in a cell of the bacterium: 

(A) a protein which comprises the amino add sequence of SEQ ID NO: 4; or 

(B) a protein which comprises the amino acid sequence induding deletion, substitution, insertion or addition of 
one or several amino acids in the amino add sequence of SEQ ID NO: 4, arxl which has an activity of making 
a bacterium having the protein L-threonine-resistant: 

(2) The bacterium according to (1). wherein L-honx)serine resistance of the bacterium is further enhartced by 
enhartdng an adivrty of protein as defined in the fdk>wing (C) or (D) in a cell of the bacterium: 

(C) a protein which comprises the amino acid sequence of SEQ ID NO: 2; or 

(D) a protein which comprises the amino acid sequence inducfing deletion, substitution, insertion or addition of 
one or several amino acids in the amino add sequence off SEQ ID NO: 2, and which has an activity of making 
a bacterium having the protein L-homoserine-reststant; 

(3) The tacterium according to (1) or (2), wherein the activity off protein as defined in (A) or (B) is enhanced by 
transformation of the bacterium with DNA coding for the protein as d^ined in (A) or (B): 

(4) The bacterium according to (2). wherein the activity of protein as defined in (C) or <D) is enhanced by transfor- 
mation of the bacterium with DNA coding for the protein as defined in (C) or (D); 
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(5) A method for producing an amino add, comprising the steps of: 

cultivating the t>acterium as defined in any one of (1) to (4). which has an al>tlity to produce an amino add, in 
a culture medium, to produce and accumulate the amino add in the medium, and recovering the amino add from 
the medium; 

5 (6) The method according to (5). wherein the amino add is selected from the group consisting of L-homoserine. L- 

threonine arxl branched chain amino adds; 

(7) The method according to (6), the iManched chain amino add is L-vafine or L-leucine. ' 

(8) A DNA which encode a protein delined in the following (A) or (B): 

10 (A) a protein which has the amino add sequence of SEQ ID NO: 4; 

(B) a protein which has the amino add sequence of SEQ ID NO: 4 including sut>stitutton, deletion, insertion, 
addition, or inversion of one or several amino adds, and has an activity of making a k>acterium fiaving the pro- 
tein L-threonine-resistant. 

75 9. The Df^ of (8) which is a DNA defined in the following (a) or (b): 

(a) a DNA which conprises the nudeotide sequence of nucleotide numbers 1 87 to 804 in SEQ ID NO: 3; 

(b) a DNA which is hybridizable with a nudeotide sequence of nucleotide numbers 187 to 804 in SEQ ID NO: 
3 or a probe prepared from the nucleotide sequence under a stringent corxJition, and encodes a protein having 

20 an activity of making a bacterium having tl>e protein L-threonine-resistant; and 

10. The DNA of (9) wherein the stringent condition is a concfition in which washing is performed at 60 **C. and at a 
salt concentratton conesponding to 1 x SSC and 0.1 % SDS. 

25 [0008] The DNA fragment cocfing for the protein as defined in the above (A) or (B) may be referred to as 'rhtC 
gene", a protein coded by the rhtC gene may be referred to as "RhtC protein", the DNA coding for the protein as defined 
in the above (C) or (D) may be refenred to as 'rhtB gene", a protein coded by the rhtB gene may be referred to as 'RhtB 
protein". An activity of the RhtC protein which partidpate in resistance to L-threonine of a t)acterium (i e. an activity of 
marking a bacterium fiaving the RhtC protein L-threonine-resistant) may be referred to as "Rt activity", arxi an activity 
30 of the RhtB protein which partidpates in resistance to L-homoserine of a tjaderium (i.e. an activity of marking a t>acte- 
rium having the RhtB protein L-homoserine-resistant) may be refened to as "Rh activit/". A structural gene encoding 
the RfTtC protein or RhtB protein in the rtitC gene or rhtB gene may be referred to as 'rhtC structural gene" or "rhtB 
structural gene". The term "enhandng the Rt activity or the Rh activity" means imparting resistance to threonine or 
homoserine to a l^aclerium or enharx» the resistance by means of increasing the numt>er of molecules of the RhtC pro- 
as tein or RhtB protein increasing a spedfk; activity of these proteins, or desensitizing negative regulation against the 
expression or the activity of these proteins or the like. The terms "DNA coding for a protein" mean a DNA of which one 
of strands codes for the protein wfhen the DNA is doutDle-stranded. The L-threonine resistance means a property that a 
tjacterium grows on a minimal medium containing L-tfveonine at a corrcentratfon at which a wiW-type strain thereof rtot 
grow, usually at >30 mg/ml. The L-homoserine resistance means a property that a bacterium grows on a minimal 
40 medium containing L-homoserine at a concentration at which a wild-type strain thereof not grow, usually at >5 mg/ml. 
The at>iljty to produce an amino add means a property that a t}acterium produce and accumulates the amino add in a 
medium in a larger amount tfian a wiW type strain thereof. 

[0009] Accorcfing to the present inventioa resistance to threonine, or threonine and homoserine of a high corKen- 
tration can be imparted to a bacterium belonging to the genus Escherichia. A bacterium befonging to the genus 
45 Escherichia, which has increasing resistance to threonine, or threonine and honx>serine and an ability to accumulate 
an amino acid, especially, L-fiomoserine, L-threonine, or tjranched chain amirro acids such as L-vaiin and L-leucine in 
a nredium with a high yiekl. 

[0010] The present invention will be explained in detail befow. 

so ( 1 > DNA used for the present invention 

[001 1 ] The first DNA fragment used for the present invention {rhtC gene) codirtg for a protein hiaving the R activity 
and having the amino add sequence of SEQ ID NO: 4. Specifically, the DNA may be exemplified by a DNA conrprising 
a nudeotide sequence of the nudeotide numbers 187 to 804 of a nudeotide sequence of SEQ ID NO: 3. 
55 [0012] The second DNA fragment used for the present invention {rhtB gene) coding for a protein having the Rh 
activity an having the amino acid sequence of SEQ ID NO: 2. Specifically, the DNA may be exemplified by a DNA com- 
prising a nucleotkle sequence of the nudeotide numbers 557 to 11 71 of a nudeotide sequence of SEQ ID NO: 1 . 
[001 3] The rhtB gene having the nudeotide sequence of SEQ ID NO: 1 corresponds to a part of sequence comple- 
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ment to the sequence of GenBank accession number M87049. and includes f138 (nucleotide numbers 61959-61543 of 
1^7049) which is a known but function-unknown ORF (open reading frame) present at 86 min on E. coU chronrK)Some, 
and sr-and 3*- flanking regions thereof. The f138, which had only 160 nucleotides in the S'^lanking region, couW not 
irrpart the resistance to homoserine. No termination codcn Is present between the 62160 and 61959 nudeoWdes of 
5 M87049 (upstream the ORF f 1 38). Moreover, one of the ATG codons of this sequence is preceded by a ribosome-bind- 
ing site (62171-62166 in fWI87049). Hence, the coding region is 201 bp tonger. Ttie larger ORF (nucleotide numbers 
62160 to 61546 of r^7049) is designated as rhtB gene. 

[0014] The rhtB gene may be obtained, lor example, by Infecting Muds tysogenic strain of E coli using a lysate of 
a lysogenic strain of E coli such as K12 or W31 10 according to the method in yAvdti nwni-l^u d5005 phagemid is used 

10 (GrtHsman. E.A., et al.. J. Bacteriol-. 168. 357-364 (1986)), arxl isolating phagemid DMAs from colonies growing on a 
minimal medium containing kanamycin (40 ^lg/ml) and L-homoserine (10 mg/mO. As illustrated in the Example 
described bekwv, the rtitB gene was mapped at 86 ntin on the chromosome of E. coli. Therefore, the DNA fragment 
including the rhtB gene may be obtained from the chromosome of E. co// by cotorry hybridization or PGR (polymerase 
chain reaction, refer to White. TJ. et al, Trends Genet. 5, 185 (1989)) using oligonucleotide(s) whteh has a sequence 

15 correspondffig to the region near the portion of 86 min on the chromosome £ coli. 

[0015] Alternatively, the oligonucleotide may be designed according to the nucleotide sequence of SEC ID NO: 1 . 
By using oSgonucleotides having nucleotide sequences corresponding to an upstream region from the nucleotide 
nufTt>er 557 and a downstream region from tiie nucleotide numl)er 1 1 71 in SEQ ID NO: 1 as ttie printers for PGR, the 
entire coding region can be anplif ied. 

20 [0016] Synthesis of the digonudeotides can be performed by an ordinary method such as a pfK)sphoamicfite 
mettiod (see Tetrahedron Letters, 22, 1859 (1981)) by using a commercially available DNA synthesizer (for example, 
DNA Synthesizer Model 380B produced by Applied Biosystems). Fiirthor, the PGR can be performed by using a com- 
mercially availat^le PGR apparatus (for example. DNA Thermal Cycler l^el PJ2000 produced lay Takara Shuzo Ca, 
Ltd.) using Taq DNA polymerase (supplied by Takara Shuzo Ca. Ltd.) in accordance with a method designate by the 

25 supplier. 

[0017] The rhtC gene was obtained in the DNA fragment indixfing rhtB gene by chance when rhtB was cloned as 
described later in the embodiments. The rhtC gene corresporxls to a corrected, as descril>ed t>elow. sequence of 0128 
(nucleotide numbers 60860-61480 of GeneBank accession number M87049) which is a known but function-unknown 
ORF. The rhtC gene may be otnained by PGR or hybridization using oligonudeotides designed according to the nude- 
30 otide sequence of SEQ ID NO: 3. By using olidonudeotides having nucleotide sequence corresponding to a upstream 
region from nucleotide number 187 and a downstream regkm from the nucleotide numk>er 804 in SEQ ID NO: 3 as the 
primers lor PGR, the entire coding region can be amplified. 

[001 8] In the present invention, the DNA coding for the RhtB protein of ttie present invention may code for RhtB pro- 
tein including deletion, substitution, insertion, or adcfition of one or several amino adds at one or a plurality of positions, 
35 prowded ttwt ttie Rh activity of RhtB protein encoded thereby is not deteriorated. Similarly, the DNA coding for the RhtC 
protein of the present invention may code for RhtC protein including deletion, sul>stitution, insertion, or addition of one 
or several amino adds at one or a plurality of positions, provkted that the Rl activity of RhtC protein encoded thereby is 
not deteriorated. 

[001 9] The DNA. which codes for the sut>stantially same protein as the RhtB protein or RhtG protein as described 
40 atx>ve, may be obtained, for example, by rrKdifying tiie nudeotide sequence, for example, by means of ttie site^lirected 
mutagenesis method so that one or more amino acid resklues at a specified site involve deletion, sut»stitution, insertion, 
or addition. DNA modified as descrSsed above may be obtained by the conventionally known nmitation treatment. The 
mutation treatment indudes a method for treating a DNA coding for the RhtB protein or FVrtG protein in vitro, for exam- 
ple, with hydroxylamine. and a metfiod for treating a microorganism, for example, a t>acterium, bek>nging to the genus 
4S Escherichia hartxMing a DNA cocfing for ttie RhtB protein with ultraviolet irradiation or a nrujtating agent such as N- 
methyl-N'-nrtro-N-niti'osoquanidine (IfTG) and nitrous add usually used for the mutation treatment. 
[0020] The DNA. which codes for substantially tire same protein as the RhtB protein or RhtG protdn. can by 
obtained by expressing a DNA siibjected to in vitro mutation treatment as descrbed above in multicopy in an appropri- 
ate cell, investigating tiie resistance to homoserine or threonine, and selecting the DNA which increase the resistance. 
50 [0021 1 It is generally known that an amino acid sequence of a protein and a nucleotide sequence coding for it may 
be slightly different between spedes. strains, mutants or variants. 

[0022] Tha-efore the DNA, which codes for sut>stantially the same protein as ttie RhtC protein, can be obtained Ijy 
isolating a DNA which hybridizes with DNA having, tor exarnple, a nucleotide sequence of the nudeotide numbers 187 
to 804 of the nudeotide sequence of SEQ ID NO: 3 or a probe otTtainable therefrom under stringent concfitions. and 
55 which codes for a protein having the Rt activity from a baderium betonging to ttie genus Escherihia which is sut^ected 
to mutation treatment, or a sF>ontaneous mutarrt or a variant of a bacterium belonging to the genus Escherihia. 
[0023] Also, the DNA. which codes for substantially the same protein as ttie RhtB protein, can be obtained by iso- 
lating a DNA which hybridizes with DNA having, for example, a nudeotbe sequence of the nudeotide numbers 557 to 
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1171 of the nudeotide sequence of SEQ ID NO: 1 or a probe obtainable therefrom under stringent conditions, and 
which codes for a protein having the Rh activity, from a bacterium belonging to the genus Escherichia which is sub- 
jected to mutation treatment, or a spontaneous mutant or a variant of a bacterium belonging to the genus Escherichia. 
[00241 The term "stringent conations" referred to herein is a condition under which so<alled specific hybrid is 
formed, and non-specific hybrid is not fomied. ft is difficult to dearly express this condition by using any numerical value. 
However, for example, the stringent conditions indude a condition under whidi DMAs having high homology, for exam- 
ple. DNAs having homology of not less than 70% with each other are hybridized, and DNAs having homology lower 
than the above with each other are not hybridized. Alternatively, the stringent condition is exemplified by a condition 
under which DNA's are hybridized with each other at a salt concentration corresponding to an ordinary condition of 
washing in Southern hybridzation. i.e.. eO'C. 1 x SSC. 0.1 % SDS. preferably 0.1 x SSC. 0.1 % SDS. 

( 2 > Bacterium belonging to the genus Escherichia of the present invention 

[00251 The baderium belonging the genus Escherichia of the present invention is a tacterlum belonging to the 
genus Escherichia of which the Rt activity is enhanced. Preferred embodiment of the baderium of the present invention 
is a baderium which is further enhanced the Rh activity. A baderium belonging to the genus Escherichia is exemplified 
by Escherichia coiL The Rt activity can l>e enhanced by, for example, amplification of the copy number of the rhtC struc- 
tural gene in a cell, or transfonnation of a baderium belonging to the genus Escherihia writh a recombinant DNA in 
which a DNA fragment inducfing the rhtC structural gene encocfing the RhtC protein is ligated wrth a promoter sequence 
which fundions elf idently in a baderium betonging to the genus Escherihia. The Rt adivity can be also enhanced by 
substitution of the promoter sequence of the rhtC gene on a chromosome with a promoter sequence which functions 
efficiently in a taderium b>elonging to the genus Escherichia. 

[00261 Besides, the Rh adit»ity can be enchanced by. for example, amplification of the copy number of the rhtB 
structural gene in a cell, or transformation of a baderium belonging to the genus Escherichia with recombinant DNA in 
wrhich a DNA fragment induding the rhtB structural gene encoding RhtB protein is ligated with a promoter sequence 
which functions effidently in a l^aderium belonging to the genus Escherichia. The Rh activity can be also enhanced by 
sul>stitution of the promoter sequence of the rhtB gene on a chromosome with a promoter sequence which functions 
effidently in a baderium belonging to the genus Escherichia. 

[00271 The amplification of the copy nunt>er of the rhtC structural gene or rhtB structural gene in a cell can be per- 
formed by introduction of a multicopy vedor wfhich carries the rhtC strudural gene or rhtB strudural gene into a cell of 
a baderium belonging to the genus Escherihia. SpecHically. the copy number can be increased by introduction of a 
plasmid. a phage or a transposon (Berg. D.E. and Berg. CM., BioHecnd.. 1. 41 7 (1983)) which caries the rhtC struc- 
tural gene or rhtB stnjctural gene into a cell of a tacterium belonging to the genus Escherichia. 
[00281 The multicopy vector is exenpRfied by plasmid vectors such as pBR322. pMW1 18. pUCl9 or the like, and 
phage vectors such as X1059. XBF101 . M13mp9 or the like. The transposon is exemplified by Mu. TnlO. Tn5 or the like. 
[00291 The introduction of a DNA into a baderium betonging to the genus Escherichia can be performed, for exam- 
ple, by a method of D.A ful.Morrison (Methods in Enzymology. 68, 326 (1979)) or a method in which recipient baderal 
cell are treated wrth cateium chloride to inaease permeability of DNA (Mandel. M. And Higa, A.. J. Md. Bid.. 53, 159. 
(1970)) and the like. 

[00301 If the Rt activity, or the Rt adivity and the Rh adivity is enhanced in an amino add-produang baderium 
betonging to the genus Escherichia as described above, a produced amount of the amino add can be increased. As 
the baderium betonging to the genus Escherichia which is to t>e the Rt adivity. or the Rt activity and the Rh adivity is 
enhanced, strains which have abilHies to produce desired amino adds are used. Besides, an al>i1ity to produce an 
amino acid may be inparted to a baderium in wrhich the Rt activity, of the Rt activity and Rh activity is enhanced. 
[0031 1 On the basis of the rhtC DNA fragment amplification the new strains E. coli MG442yjp RhtC produdng homo- 
serine: E. coli MG442/pVIC40.pRhtC producing threonine; E. coli NZIOVlpRhtBC and £ coli NZIO/pRhtB, pRhtC pro- 
dudng homoserine. valine and leudne were obtained which accumulate the amino acids in a higher amount than those 
containing no anrplrfied rhtC DNA fragmerrt. 

[00321 The new strains have been deposited (according to international deposition based on Budapest Treaty) in 
the AIURussian Collection lor Industrial Microorganisms (VKPM). The strain E. coli MG442/pRhtC has been deposited 
as an accession number of VKPM B-7700; the strain E. coli MG442/pV 1040. p RhtC has been deposited as an acces- 
sion number of VKPM B-7680; the strain E. coti NZ10/pRhtB. pRhtC has l>een deposrted as an accession number off 
VKPM B-7681 . and the strain E. coli NZIoyjpRhtBC has been deposited as an accession number of VKPM B-7682. 
[00331 The strain E coli MG442/pRhtG (VKPM B-7700) exhibits the following cuHural-morphoIogical and biochem- 
ical features. 
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CYtpmorphctlggy 

[0034] Granvnegative weakJy-motile rods having rounded ends. Longrtudinal size. 1 .5 to 2 ^m. 
5 CuHural features 
Beef-extract agar: 

[0035] After 24 hours of growth at 37* C. produces round whitish semitransparerTt colonies 1 .0 to 3 mm in diameter, 
10 featuring a smooth surface, regular or slightly wavy edges, the centre is slightly raised, homogeneous structure, paste- 
like consistency, readily emulsifiable. 

Libia's agar: 

IS [0036] After a 24-hour growth at 37* C. develops whitish semitranslucent colorBes 1 .5 to 2.5 mm in diameter having 
a smooth surface, homogeneous structure, pastelike consistency, readily emulsifiatjie. 

Minimal agar-doped medium M9: 

so [0037] After 40 to 48 hours ol growth at 37^C forms cobnies 0.5 to 1. 5 nrim in diameter, which 
white, eemrtran&parent. slightly convex, with a lustrous surface. 

Growth in a beaf-extract broth: 

25 [0038] After a 24-hour growth at 37* C exhtoits strong uniform cloudiness, has a characteristic odour. 

Physiological and biochemical features . 

Grows upon thrust irKx:ulation in a beef-extract agar: 

30 

[0039] Exhibits good growth throughout the inoculated area. The microorganism proves to be a facultative anaer- 
obe. 

It does rxTt liquefy gelatin. 

Features a good growth on milK accompanied by milk coagulation. 
35 Does rrot produce Indole. 

Temperature conditions: Grows on beaf-extract broth at 20-42*C, an optimum tempeiature lying within 33-37 "C. pH 
value of culture medium: Grows on liquid mecfia having the pH value from 6 to 8. an optimum value t>eing 7.2. 
Cartx>n sources: ExtittHts good growth on glucose, fructose, lactose, mannose. galactose, xylose, glycerol, mannitol to 
produce an acid and gas. 

40 Nitrogen sources: Assimilates nitrogen in the form of amirionium, nitric acid salts, as weD as from some organic com- 
pounds. 

Resistant to ampicHlln. 

L-isoleudne is used as a growth faaor. However, the strain can grow slowly without tsoleuctne. Content of plasmids: 
The cells contain multkxjpy hytwid plasmid pRhtC ensuring resistance to ampicillin (100 mg/I) and carrying the rhtC 

45 gene responsible for the increased resistance to threonine (50 mg/ml). 

[0040] The strain E. coli MG442/pVIC40. pRhtc (VKPlwl B-7680) has the same curtural-morphotogroal and bio- 
chemical featores as the strain VKPM B-7700 except for in addition to pRhtC, it contains a multioopy Kyt^rid plasmid 
pVIC40 ensuring resistance to streptomycin (100 mg/l) arxl carrying the genes of the threonine operon. 
[0041] The strain E. coli strain E coli NZIO/pRhtB, pRhtC (VKPM B-7681) has the same cultural-morphological 

so and biochemical features as the strain VKPM B-77Q0 except for L-lhreonine (0. 1 - 5 mg/ml) is used as a growth factor 
instead of L-isoleudne. Besides, it contains a multicopy hybride plasmid pRhtB er^ring resistance to kanamycin <50 
mg/I) and can^ying the rhtB gene which confers resistance to homoserine (10 mg/ml) 

[0042] The strain £ cxtli strain E. coli NZIO/jaRhtBC. (VKPM B-7682) has the same cultural -morphological and bio- 
chemical featixes as the strain VKPM B-7681 except for it contains a multicopy hybride plasmid pRhtBC ensuring 
55 resistance to ampicilBn (1 00 mg/I) and carrying both the rhtB and rhtC genes which confer resistance to L-homoserine 
(10 mg/mO and L-threonine (50mg/mO. 
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( 3>Melhocl for producing an aniino acid 

[0043] An amino add can be efficiently produced by cultivating the bacterium in wWch the Rt activity, or the Rt activ- 
ity and Rh activity is enhanced by amplifying a copy number of the rhtC gene, or rhtC gene and rhtB gene as describe 
5 above, and which has an ability to produce the amino acid, in a culture medium, producing and accumulating the amino 
acid in the medium, and recovering the amino acid from the mecfium. The amino acid is exemplified preferably by L- 
homoserine. L-threonine and branched chain amino acids. The branched chain amino acids may be exemplified by L- 
valine. L-leucine and L-isoleucine. and preferably exemplified by L-valine. L-leucine. 

[0044] In the method of present invention, the cultivation of the tjaclerium belonging to the genus Escherichia, the 
10 collection and purif ication of amino adds from the liqiad medium may be performed in a manner similar to those of the 
conventional method for produdng an amino add by fermentation using a bacterium. A medium used in cultivation may 
be either a synthetic medium or a natural medium, so long as the medium indudes a carbon and a nitrogen source and 
minerals and. if necessary, nutrients which the bacterium used requires for growth in appropriate amount- The carbon 
source may indude various carlwhydrates such as glucose and sucrose, and various organic adds. Depending on 
15 assimilatory ability of the used bacterium. Alcohd induding ethanol and glycerd may be used. As the nitrogen source, 
ammonia, various amnxxiium salts as ammonium sulfate, other nitrogen compounds such as amines, a natural nitro- 
gen source such as peptone. soyt>ean hydrdyzale and digested fermentative microbe are used. As minerals, monopo- 
tassium phosphate, magnesium sulfate, sodium chloride, ferrous sulfate, manganese sulfate, calcium carbonate are 
used. 

20 [0045] The cultivation is preferably culture under an aerobic condition such as a shaking, and an aeration and stir- 
ring culture. The tenperature of culture is usuaBy 20 to 40'»C, preferably 30 to 38''C. The pH of the culture is usually 
between 5 and 9. preferably between 6.5 and 7.2. the pH of the culture can be adjusted with ammonia, caldum cartx>n- 
ate. various adds, various bases, and buHers. Usually, a 1 to 3-day cultivation leads to the accumulation of the target 
amino add in the medium. 

25 [0046] Recovering the amino add can be performed by renroving solids such as cells from the medium by centrif- 
ugation or merT*>rane filtration after cultivation, and then collecting and purifying the target amino add by ion exchange, 
concentration and crystalline fraction methods arxl the like. 

Brief Explanation of Drawings 

30 

[0047] 

Rg. 1 shows cloning and identification of rhtB and rhtC genes. 
Rg, 2 shows structure of the plasmid pRhtB hartxiring rhtB gene. 
35 Rg. 3 shows structure of the plasmid pRhtC hartjoring rhtC gene, and 

Rg. 4 shows structure of the plasmid pRhtBC hartxwing rhtB gene and rhtC gene. 

Best r^ode for Carrvino Ou t the Invention 

40 [0048] Jhe present invention will be more concretely explained below with reference to Examples. In the Examples, 
an amino acid is of L-conf iguralion unless otherwise noted. 

Exarrple 1 : ObtaininQ of the rhtB and rfrtC DNA fraonrTerrts 

45 Step 1 .Cloning of oenes involvinQ resistance homoserine and th reonine into mini-Mu phagemid 

[0049] The genes involving resistance homoserine and threonine were doned in vivo using mini-Mu dSOOS 
phagemid (Groisman. E.A., et a!.. J. Bacleriol.. 168. 357-364 (1986)). MuCts62 lysogen of the strain MG442 (Guayat- 
iner et al.. Genetika Cm Russian). 1 4, 947-956 (1978))was used as a donor. Reshly prepared lysated were used to infect 

so a Mucts lysogenic derivative of a strain VKPM B-513 (Hfr K10 metB). The cells were plated on M9 glucose minimal 
medium with methionine (50 jig/ml). kanamydn (40 jig/ml) and homoserine (10 ^g/ml). Colonies which appeared after 
48 hr were picked and isolated. Plasmid DNA was isolated and used to transfomi the strain VKPM B-513 by standard 
techniques. Transformants were selected on L-broth agar plates with kanamycun as above. Plasmid DNA was isolated 
from those wrtch were resistance to honroserine. and analyzed by restriction n^appirtg of the structure of the irrserted 

55 fragments, ft appeared that two types of inserts belonging to different chromosonne regions had been doned from the 
donor. Thus, at least two cfifferent genes that in multrcopy inpart resistance to homoserine exist in E. ooli. One of the 
two types of inserts is the rhiA gene which has already reported (ABSTRACT of 17th Internatfonal Congress of Bio- 
chemistry and Mdecular Biotogy in conjugation with 1997 Annual Meeting af the American Sodety for Biochemistry 
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and Molecular Biology, San Francisco. Calrfbmia August 24-29. 1997). Among the dher of the two types of inserts, a 
Mlul-Mlul fragment of 0.8 kb imparts only the resistance to homoserine (Fig. 1). 

Step 2: Identrftcation of rhtB oene and rhtC qenA 

[0060] The insert fragment was secpjenced by the dideoocy chain termination method of Sanger. Bdh DNA strands 
were sequenced in their entirety and all jmctions were overlapped. The sequencing showed thaf the insert fragment 
included f138 (nucleotide ruimbers 61543 to 61959 of GenBank accession number M87049) which was a known but 
function-unknown ORF (open reading frame) present at 86 min of £. coh' chk>nK)Some and about 350 bp of an t^tstream 
region thereof (downstream region m the sequence of M87049). The f138 which had only 160 nucleotides in the 7- 
f lanWng region couW not impart the resistance to homoserine. No termination codon is present naslream the ORF f 1 38 
between 62160 and 61950 nucleotides of M87049. Furthemmre. one ATG following a sequence precficted as a ribos- 
ome binding site is present in the sequence. The larger ORF (nucleotide numbers 62160 to 61546) is designated as 
rhtB gene. The RhtB protein deduced from the gene has a region which is highly hydrophotsic and contais possible 
transmembrane segments. 

[0051 ) As descrat>ed t>elow. the plasmtd containing this gene conferred upon cells only the resistance to high con- 
centrations of homoserine. Since the initio Sacll-Sacll DNA fragment contained the second unidentified ORF. 0128. 
the gene was subck>ned arxJ tested for its ability to confer resistance to homoserine and threonine. It proved that the 
plasmid containing o128 (C/al-Eca47III fragment) conferred resistance to 50 mg/ml threonine (Fig. 1). The subdoned 
fragment was sequenced and found to contain additional nucleotide (G) in the position between 61213 and 61214 
nucleotides of M87049. The nucleotide addition to the sequence eliminated a frame sNft and enlarged the ORF into 5*- 
flanWng region i^pto 60860 nucleotide. This new gene was designated as rhtC. Both genes. rhtB and rfrfC. were found 
to be honrK)togous to transporter involved in lysine export of Coryrtebacteriurrt glutamicum. 

Example 2: The effect pf rhtB and rhtQ genes amplif igatipn on hgrnoserine pro;iMCtion 

< 1 >Construction of the L-honDoserine-produdng strain E. coli NZ10/pAL4. pRhtB and homoserine production 

[0052] The rhtB gene was inserted to a plasmid pUK21 (Vieira. J. And Messing, J.. Gene. 100. 189-194 (1991)). to 
obtain pRhtB (Fig. 2). 

iO06Sl Strain NZ10 of E. coli was transfomrted by a plasmid pAL4 which was a pBR322 vector into whrch the thrA 
gene coding kx aspartokinase-homoseine dehydrogenase I was inserted, to ok^n the strains NZl0yjpAL4. The strain 
NZ10 is a feLfB*^ -reverted mutant tft/S" obtained from the E. coli strain C600 {thrB. ieuB) (Appleyard R.K.. Genetics, 39. 
440-452.1954). 

[0054] The strain NZ10/jF)AL4 was transformed wrtth pUK21 or pRhtB to obtain strains NZ10/|pAL4.pUK21 and 
NZ10/13AL4, pRhtB. 

[0055] The thus otitained transformants were each cuttivated at 37*0 for 18 hours in a nutrient broth with 50 mg/1 
kanamydn and 1 00 mg/I ampicilin, and 0.3 ml of ttie obtained culture was inoculate into 3 ml of a fermentation medium 
having the following composition and containing 50 mg/I kanamydn and 100 mg/I ampidlin. in a 20 x 200 mm test tul^e. 
and cultivated at 37*C for 48 hours with a rotai-y shaker. After ttie cultivation, an accumulated amount of homoserine w\ 
the medium and an absort>ance at 560 nm of the medium were deterntined by known methods. 

[Fermentation medium composition (g^)] 

[0056] 



3ucose 


80 


(NH4)2S04 


22 


K2HPO4 


2 


Naa 


0.8 


MgS04*7H20 


0.8 


FeS04-7H20 


0.02 


MnSO4*5H20 


0.02 
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(continued) 




Thiamine hydrochtoiide 


0.2 


Yeast Extract 


1.0 


CaCX>3 


30 


(CaCOa was separately sterilized) 



[0057] The results are shown in Table 1 . As shown in Table 1 . the strain NZ1 0/l?AL4.pRhtB accumulated homoser- 
Ine in a larger amount than the strain NZl0ypAL4.pUK21 in which the rfrfB gene was not enhanced. 



Table 1 



Strain 


OD560 


Accumulated amount of 
homoserine(g/L) 


NZlO^AL4,pUK21 


14.3 


3.3 


NZ10/pAL4,pRhtB 


15.6 


6.4 



{ 2>Construction of the homoserine-producing strain £ coli MG442/pRhtC and homoserine production 

[00581 The rhtC gene was inserted to pUC21 vector (Vieira. J. And Messing, J.. Gene. 100, 189-194 (1991)). to 
obtain pRhtC (Fig. 3). 

[00591 The known E. coli strain I^G442 which can produce threonine in an amount of not less than 3 g/L (Gusyat- 
iner. et at.. 1978. GeneUka (in Russian). 14:947-956) was transformed by introducing pUC21 or pRhtC to obtain the 
st^nsMG442y|c>UC21andMG442/pRhtC. 

[00601 The thus obtained transfonnants were each cultivated at ZTC for 1 8 hours in a nutrient broth with 1 00 mg/ml 
arrpidlin and 0.3 ml of the obtained culture was inoculate into 3 ml of a fermentation medium describe above and con- 
taining 100 mg^ml arr|)icilin, in a 20 x 200 mm test tube, and cultivated at 37^0 for 48 hours with a rotary shaker. After 
the cultivation, an accumulated amount of homoserine in the medium and an absorbance at 560 nm of the medium 
were determined by known methods. The results are sfwwn in Table 2. 



Tattle 2 



Strain 


OD560 


Accumulated amount of 
honrx>serine (g/L) 


MG442/t)UC21 


9.7 


<0.1 


MG442/pRhtC 


15.2 


9.5 



Example 3: The effect of rhtB and rhtC genes amp lification on threonine oroduction. 

( 1 )ConstniCtion of the threonine -producing strain £. coli VG442/pVIC40. pRhtB (VKPM B-7660) and threonine pro- 
duction 

[0061] The strain MG442 was transformed by introducing a knovm plasmid pVIC40 (U.S. Patent No. 5.175.107 
(1992)) by an ordinary transformation method. Transformants were selected on LB agar plates containing 0.1 mg/ml 
streptomycin. Thus a novel strain MG442/t>ViC40 was obtained. 

[0062] The strain MG442yi3VIC40 was transformed with pUK21 or pRhtB to obtain strain I^G442/jpVIC40.pUK21 
and MG442/pVIC40pRhtB. ^ « 

[0063] The thus obtained transformants were each cultivated at 3T>C for 1 8 hours in a nutrient broth with 50 mg/I 
kanamycin and 100 mgfl streptomycin, and 0.3 ml of the obtained culture was inoculate into 3 ml of a fermentation 
medium describe in Example 2 and containing 50 mgrt kanamycin and 100 mg/I streptomycin, in a 20 x 200 mm test 
tube, and cultivated at 37<'C for 68 hours with a rotary shaker. After the cultivation, an accumulated amount of threonine 
in the mecfium and an absortiance at 560 nm of the medium were determined by known methods. 
[00641 The results are shown in Table 3. As shown in Table 3. the strain MG442/pVIC40.pRhtB accumulated thre- 
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onine in a larger amount than the strain MG442/pVIC40.pUK21 in which the rhtB gene was not enhanced. 



Tabled 



Strain 


OD560 


Accumulated amount of 
threonine (g/L) 


MG442y|5VIC40,pUK21 


16.3 


12.9 


MG442/|F)VIC40.pRhtB 


15.2 


16.3 



< 2>Conslruction of the threonineixoducing strain E. cofi \A3442/pVIC40. pRhtC (VKPM B-7680) and threonine produc- 
tion 

[0065] The strain MG442yi>VIC40 was transfonmed with pRhtC and pUC21. Thus the transformants 
MG442/pVIC40.pRhtC and MG442/pVIC40, pUC21 were obtained. In the sane manner as descra>e above. 
MG442/pVIC40,pUC21 and MG442^VIC40,pRhtC were each cultivated at 37°C for 18 hours in a nutrient txoth with 
100 mg/l ampidlin and 100 mg/l streptomycin and 0.3 ml of the obtained culture was inoculate into 3 ml of a fermenta- 
tion medium describe above and containing 100 mg/I ampidlin and 100 mg/l streptonnyctn, in a 20 x 200 nrtm test tube, 
and cultivated at 3r»C for 46 hours with a rotary shaker. After the cultivation, an accumulated anxxjnt of threonine in 
the medium and an ab&ort>ance at 560 nm of the medium were determined by known methods. 
[0066] The results are shown in Table 4. As shown in Table 4. the strain MG442/jpVIC40,pRhtC accumulated thre- 
orane in a larger anrounl than the strain MG442^VIC40.pUC21 in which the rhtC gene was not enhanced. 



Table 4 



Strain 


OD560 


Accumulated amount of 
threonine (g/L) 


MG442/|pVIC40, pUC21 


17.4 


4.9 


IWIG442A)VIC40.pRhtC 


15.1 


10.2 



Example 4: Concerted effect of rhtB oene and t htC gene on anrrino acid production 

[0067] The Sacll-Sacll DNA fragment containing both rhtB and rhtC genes was inserted to the pUC21. Thus the 
plasmid pRhtBC was obtained which harbors the rhtB gene and rhtC gene (Rg. 4). 

[0068] Then, the strain IMZ10 v^ras transformed with pUC21, pRhtB, pRhtC or pRhtBC. and the transformants 
NZ10/|3UC21 (VKPM 8-7685). NZlO/t>RhtB (VKPM B-7683), NZIO/pRhtC (VKPM B-7684), NZIO/iDRhlB. pRhtC 
(VKPM B-7681) and NZIO/pRhtBC (VXPM 8-7682) w&e thus obtained. 

[0069] The transformants ofcitained above were cultivated as the same manner as descrft>e above and accumulated 
amounts of various amino ackls in the medium and an at>soit>ance at 540 nm of the medium were determined by known 
methods^ 

[0070] The result were shown in Table 5. It foltows from the TafcHe 5 that concerted effect of the pRht8 and pRhtC 
on producrion of honrtoserine. valine and leucine. These resuHs indicate that the rhtB and rhtC gene products may inter- 
act in ceils. 



Table 5 



Strain 


OD560 


Homoserine (g/L) 


Valine (gO.) 


Leudne (g/L) 


N210/pUC21 


18.7 


0.6 


0.22 


0.16 


NZ1Q/i)RhtB 


19.6 


2.3 


0.21 


0.14 


NZIO/pRhtC 


20.1 


0.7 


0.2 


0.15 


NZIQ/pRhtBC 


21.8 


4.2 


0.34 


0.44 


hJ2lO/pRhtB.pRhtC 


19.2 


4.4 


0.35 


0.45 
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Exarrple 5: Effect of rhtB oene and rhtC gene on res istance to amino ackls 



[0071 1 As describe above, the plasmids hart»ring the rhtB and rhtC have positive effect on some arrtino add accu- 
mulation in culture broth by different strains. H proved that the pattern of accumulated amino acid was dependent on the 
5 strain genotype. The homology of the rhtB and rhtC genes products with the lysine transporter LysE of Corynebacte- 
humglutamicum (Vrljic. M.. Sahm. H. and Eggeling, L (1996) Moi Microbioi 22. 815-826.) indicates the analogues 
function for these proteins. 

[0072] Therefore, the effect of the pRhtB and pRhtC plasmids on susceptibility of the strain N99 wNch is a streplo- 
mydn-resislanl (Str*^) nrwtant of the known strain W3350 (VKPM B-1557) to some amino acids arxl amino add ana- 
10 logues was tested. Overnight broth cultures (10® cfu/ml) of the strains N99yjpUC21, N99pUK21. N99y|p>RhtB and 
N99ypRhtC were diluted 1 :100 in M9 minimal medium and grown for 5 h in the same medium. Then the log phase cul- 
tures thus obtained were dButed and atx)ul 10^ viable cells were applied to well-dried test plates with M9 agar (2%) con- 
taining doubling increments of amino acids or analogues. Thus the ntinimum inhbitory concentration (MIC) of these 
compounds were examined. 

15 [0073] The result are shown in Table 6. tt follows from the Table 6 that multiple copies of rhtB besides homoserine 
confen^ed increased resistance to a-amino-p-hydroxyvaleric-add (AHVA) and S-(2-aminoethyI)-L-cysteine (AEC), arxl 
4-aza-DL-leudne; and muttiple copies of rhtC gene besides threonine increased resistance to valine, histidine. and 
AHVA. This results indicates that every of the presumed transporters. RhtB and RhtC, have specificity to several sub- 
strates (amino adds), or may shown norvspecif ic effects as a result of amplification. 

20 



Tables 



Substrate 


MIC (^9/mQ 




N99/ipUC2l' 


N99y0RhtB 


N99/pRhtC 


L-homoserine 


1000 


20000 


1000 


L-threonine 


30000 


40000 


80000 


L-valine 


0.5 


0.5 


2.0 


L-histicfine 


5000 


5000 


40000 


AHVA 


100 


2000 


15000 


AEC 


5 


20 


5 


4-aza- DL-1 eudne 


50 


100 


50 


CHfnetlTyl-L-threonine 


20 


20 


20 



*: The same data were obtain with N99/pUK2^ . 
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SEQUENCE LISTING 

<110> Ajinoioto Co., Inc. 

<120> NOVEL GENE AND METHOD FOR PRODUCING L-AMINO ACIDS 

<130> 0P851 

<141> 1999-12- 

<150> aU-98123511 
<151> 1998-12-23 

<160> 4 

<170> Patentin Ver. 2.0 

<210> 1 
<211> 1231 
<212> DMA 

<213> Escherichia coli 

<220> 
<221> CDS 

<222> (557). .(1171) 
<400> 1 

agaaataatff tggagatcgc accgcccatc gaatgtgcca gtatatagcg tttacgccac 60 
ggaccgggct gaacctcctg ctgccagaat gccgccagat catcaacata atcattaaag 120 
cgattaacat gcccgagatg cggatcggct aacaggcgac cggaacgtcc ctgcccgcga 180 
tggtcgatga ttaagacatc aaaccccaaa tggaacaggt cataggccag ttccgcatat 240 
tttacgtagc tctcaatacg ccccgggcag atgactacca cccggtcatg gtgctgtgcg 300 
cgaaaacgga caaagcgcac cggaatgtca tccacaccag taaactctgc ttcatcacgc 360 
tgacgccaga aatcagtcag cggtcccatg gtaaaagcag caaacgcgtt ttctcttgtt 420 
tcccagtctt tttgctgctg aaacatcggg taatctgcct cttaaaccac gtaaaatcgt 480 
tttttttagc gtgcctgaca caacgctgcg acagtagcgt attgtggcac aaaaatagac 540 
acaccgggag ttcatc atg acc tta gaa tgg tgg ttt gcc tac ctg ctg aca 592 
Met Thr Leu Glu Trp Trp Phe Ala Tyr Leu Leu Thr 
1 5 10 

teg ate att tta acg ctg teg cca ggc tct ggt gca ate aac act atg 640 
Ser He He Leu Thr Leu Ser Pro Gly Ser Gly Ala lie Asn Thr Met 

15 20 25 

acc acc teg etc aac cac ggt tat ccg gcc ggt ggc gtc tat tgc tgg 688 
Thr Thr Ser Leu Asn His Gly Tyr Pro Ala Gly Gly Val Tyr Cys Trp 
30 35 40 
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get tea gac egg act ggc gat tea tat tgt get ggt tgg cgt ggg gtt 736 
Ala Ser Asp Arg Thr Gly Asp Ser Tyr Cys Ala Gly Trp Arg Gly Val 
45 50 55 60 

ggg acg eta ttt tec cgc tea gtg att gcg ttt gaa gtg ttg aag tgg 784 
Gly Thr Leu Pbe Ser Arg Ser Val He Ala Phe Glu Val Leu Lys Trp- 

65 70 75 

gca ggc gcg get tac ttg att tgg ctg gga ate cag cag tgg cgc gcc 832 
Ala Gly Ala Ala Tyr Leu He Trp Leu Gly He Gin Gin Trp Arg Ala 

80 85 90 

get ggt gca att gac ctt aaa teg ctg gcc tct act caa teg cgt cga 880 
Ala Gly Ala He Asp Leu Lys Ser Leu Ala Ser Thr Gin Ser Arg Arg 

95 100 105 

cat ttg ttc cag cgc gca gtt ttt gtg aat etc acc aat ccc aaa agt 928 
His Leu Phe Gin Arg Ala Val Phe Val Asn Leu Thr Asn Pro Lys Ser 

110 115 120 

att gtg ttt ctg gcg gcg cU ttt ccg caa ttc ate atg ccg caa cag 976 
He Val Phe Leu Ala Ala Leu Phe Pro Gin Phe He Met Pro Gin Gin 
125 130 135 140 

ccg caa ctg atg cag Ut ate gtg etc ggc gtc acc act att gtg gtc 1024 
Pro Gin Leu Met Gin Tyr He Val Leu Gly Val Thr Thr He Val Val 

145 150 155 

gat att att gtg atg ate ggt tac gcc acc ctt get caa egg att get 1072 
Asp He He Val Met He Gly Tyr Ala Thr Leu Ala Gin Arg He Ala 

160 165 170 

eta tgg att aaa gga cca aag cag atg aag gcg ctg aat aag att ttc 1120 
Leu Trp He Lys Gly Pro Lys Gin Met Lys Ala Leu Asn Lys He Phe 

175 180 185 

ggc teg ttg ttt atg ctg gtg gga gcg ctg tta gca teg gcg agg cat 1168 
Gly Ser Leu Phe Met Leu Val Gly Ala Leu Leu Ala Ser Ala Arg His 

190 195 200 

gcg tgaaaaataa tgtcggatgc ggcgtaaacg ccttatccga cttactctga 1221 
Ala 
205 

agacgcgtct 



<210> 2 
<21I> 205 
<212> PUT 

<213> Escherichia coli 



<400> 2 

Met Thr Leu Glu Trp Trp Phe Ala Tyr Leu Leu Thr Ser He He Leu 

15 10 15 

Thr Leu Ser Pro Gly Ser Gly Ala He Asn Thr Met Thr Thr Ser Leu 

20 25 30 

Asn His Gly Tyr Pro Ala Gly Gly Val Tyr Cys Trp Ala Ser Asp Arg 
35 40 45 
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Thr 


Gly 


ASD 


Ser 


Tvr 


Cys 


Ala Gly 




SO 












Ser 


Anr 


Ser 


Val 


He 


Ala 


Phe GIu 

I 11c Ul u 












70 




Tvr 


Lph 


He 


Tro 




Glv 


Hp Gin 
















nay 










Ala 

Aid 


iSCI III* 








inn 








Ktg 


Ala 
Ala 




rne 


Va 1 

vai 


ASD 


r All Th»» 

Leu IDT 






11*; 










i I4' 


Ala. 


Leu 


rne 


rro 


uln 


rne ue 




130 










135 


Gin 


Tyr 


lie 


Val 


Leu 


Gly 


Val Thr 


145 










150 




Met 


lie 


Gly 


Tyr 


Ala 


Thr 


Leu Ala 










165 






Gly 


Pro 


Lys 


Gin 


Met 


Lys 


Ala Leu 








180 








Met 


Lea 


Val 


Gly 


Ala 


Leu 


Leu Ala 






195 








200 



Tro 


Are 


Glv 


Val 


Glv 


Thr 




( lie 








60 










Val 






Tro 
11 H 


Ala 

Al A 


Glv 


Ala 
Ala 


Ala 
Ala 






75 










on 
ou 


Gin 


Tro 


AIS 


Ala 


Ala 

Al CE 


Glv 


Ala 
Ala 


Hp 
1 ic 




on 

•TU 














Cln 
uin 


ucr 


ATS 


A "PIT 

ATg 


Hie 


T dt 

ueu 


roe 


uJu 


int; 

XUo 










1 in 






AsD 


rro 


Lys 


ocr 


lie 


Val 

vai 


roe 


T m* 

Leu 


















net 


rro 


bin 


uin 


rro 


bin 


Leu 


net 








140 










Thr 


He 


Val 


Val 


Asp 


He 


He 


Val 






155 










160 


Gin 


Arg 


He 


Ala 


Leu 


Trp 


He 


Lys 




170 










175 




Asn 


Lys 


He 


Phe 


Gly 


Ser 


Leu 


Phe 


185 










190 






Ser 


Ala 


Arg 


His 


Ala 









205 



<210> 3 
<211> 840 
<212> DMA 

<213> Escherichia coli 

<220> 

<221> CDS 

<222> (187).. (804) 



<400> 3 

atgccgatca ccgccagcga aatgctcagc gttaacggcg ttgggatgcg caagctggaa 60 
cgctttggca aaccgtttat ggcgctgatt cgtgcgcatg ttgatggcga tgacgaagag 120 
tagtcagcag cataaaaaag tgccagtatg aagactccgt aaacgtttcc cccgcgagtc 180 
aaatgt atg ttg atg tta ttt etc acc gtc gee atg gtg cac att gtg 228 
Met Leu Met Leu Phe Uu Thr Val Ala Met Vai His He Val 

276 



324 







1 


5 








10 




gcg 


ctt 


atg age ccc ggt 


ccc 


gat 


ttc ttt 


ttt 


gtc 


tct cag acc get 


Ala 


Leu 


Met Ser Pro Gly 


Pro 


Asp 


Phe Phe 


Phe 


Val 


Ser Gin Thr Ala 


15 




20 








25 




30 


gtc 


agt 


cgt tec cgt aaa 


gaa 


gcg 


atg atg 


ggc 


gtg 


etg ggc att acc 


Val 


Ser 


Arg Ser Arg Lys 


Glu 


Ala 


Met Met 


Gly 


Val 


Leu Gly He Thr 






35 






40 






45 


tgc 


Sgc 


gta atg gtt tgg 


get 


£gg 
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lie He Glu Lys Met Ala Trp Leu His Thr Leu He Het Val Gly Gly 

65 70 75 

ggc ctg Ut etc tgc tgg atg ggt tac cag atg cU cgt ggt gca ctg 468 
Gly Leu Tyr Leu Cys Trp Met Gly Tyr Gin Met Leu Arg Gly Ala Leu 

80 '85 90 

aaa aaa gag gcg gtt tct gca cct gcg cca cag gtc gag ctg gcg aaa 516 
Lys Lys Glu Ala Val Ser Ala Pro Ala Pro Gin Val Glu Leu Ala Lys 
95 100 105 110 

agt ggg Ggc agt ttc ctg aaa ggt tta ctg acc aat etc get aat ccg 564 
Ser Gly Arg Ser Phe Leu Lys Gly Leu Leu Thr Asn Leu Ala Asn Pro 

115 120 125 

aaa gcg att ate tac ttt ggc teg gtg ttc tea ttg ttt gtc ggt gat 612 
Lys Ala He He Tyr Phe Gly Ser Val Phe Ser Leu Phe Val Gly Asp 

130 135 140 

aac gtt ggc act acc gcg cgc tgg ggc att ttt gcg ctg ate att gtc 660 
Asn Val Gly Thr Thr Ala Arg Trp Gly lie Phe Ala Leu He He Val 

145 150 155 

gaa acg ctg gcg tgg ttt acc gtc gtt gee age ctg ttt gee ctg ccg 708 
Glu Thr Leu Ala Trp Phe Thr Val Val Ala Ser Leu Phe Ala Leu Pro 

160 165 170 

caa atg cgc cgt ggt tat caa cgt ctg gcg aag tgg att gat ggt ttt 756 
Gin Met Arg Arg Gly Tyr Gin Arg Leu Ala Lys Trp lie Asp Gly Phe 
175 180 185 190 

gcc ggg gcg tta ttt gcc gga ttt ggc att cat ttg att att teg egg 804 
Ala Gly Ala Leu Phe Ala Gly Phe Gly He His Leu He He Ser Arg 

195 200 205 

tgatgccaga cgcgtcttea gagtaagtcg gataag 840 
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Met Leu Met Leu Phe Leu Thr Val Ala Met Val His He Val Ala Leu 

15 10 15 
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Arg Ser Arg Lys Glu Ala Met Met Gly Val Leu Gly He Thr Cys Gly 
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Val Met Val Trp Ala Gly He Ala Leu Leu Gly Leu His Leu He He 

50 55 60 

Glu Lys Met Ala Trp Leu His Thr Leu He Met Val Gly Gly Gly Leu 
65 70 75 80 

Tyr Leu Cys Trp Met Gly Tyr Gin Met Leu Arg Gly Ala Leu Lys Lys 

85 90 95 

Glu Ala Val Ser Ala Pro Ala Pro Gin Val Glu Leu Ala Lys Ser Gly 
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Claims 

1 . A bacterium belonging to the genus Escherichia, wherein L-threonine resistance of said bacterium is enhanced by 
enhandng the activity of a protein as defined in the following (A) or (B) in the cells of said bacterium: 

(A) a protein which comprises the amino acid sequence shown in SEQ ID NO: 4 in Sequence Listing: or 

(B) a protein which comprises the amino acid sequence including deletion, substitution, insertion or addition of 
one or several amino acids in the amino add sequence shown in SEQ ID NO: 4 in Sequence Listing, and which 
has the activity of making a bacterium having the protein L-threonine-resistant. 

2. The bacterium according to claim 1 . wherein the L-homoserine resistance of said bacterium is further enhanced tjy 
enhancing the activity of a protein as defined in the following (C) or (D) in the cells of said bacterium: 

(C) a protein which comprises the amino acid sequence shown in SEQ ID NO: 2 in Sequence Listing: or 

(D) a protein which comprises the anrino acid sequence including deletion, sutsstitution, insertion or addition off 
one or several amino adds in the amino acid sequence shown in SEQ ID NO: 2 in SequerKO Listing, arxl which 
has the activity of making a tjacterium having the protein L-honnoserine-resistanL 

3. The bacterium according to daim 1 or 2. wherein sakj activity of the protein as defined in (A) or (B) is enhanced t>y 
transformation of sakJ t>acterium with DNA coding for the protein as defined in (A) or (B). 

4. The bacterium according to claim 2, wherein said activity of the protein as defined in (0) or (D) is enhanced by 
trar^rmation of sak) bacterium with DNA coding for the protein as defined in (C) or (D). 

5. A method for producing an amino add, comprising the steps of: 

cultivating the bacterium as ddlned in any one of daims 1 to 4, which has the ability to produce the amino ack), 
in a culture medium, to produce and accumulate the amino add in the medium, arxl 
recovering the amino add from the medium. 

6. The method according to daim 5. wherein said amino add is selected from the group consisting of L-homoserine, 
L-threonine and branched chain amino adds. 

7. The method according to daim 6, sakl branched chain amino adds is L-valine or L-)eudne. 
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8. A DNA which encodes a protein defined in the following (A) or (B): 

(A) a protein which has the amino acid sequence of SEQ ID NO: 4; 

(B) a protein which has the amino add sequence of SEQ ID NO: 4 Including siA>stitutlon. deletion, insertion, 
addition, or inversion of one or sweral amino adds, and has the activity of making a tjacterium having the pro- 
tein L-ttveonine-resistant. 

9. The DNA of daim 8 which is a DNA defined in the following (a) or (b): 

(a) a DNA which comprises the nudeotide sequence of nudeotide nunnbers 187 to 804 in SEQ ID NO: 3; 

(b) a DNA which is hybridizable with a nudeotide sequence of nucleotide numbers 1 87 to 804 in SEQ ID NO: 
3 or a probe prepared from the nucleotide sequence under a stringent condition, and encodes a protein having 
the activity of maWng a bacterium having the protein L-threonine-resistant 

1 0. The DNA of daim 9 wherein the stringent condition is a condition in which washing is performed at 60 *C and at a 
salt concentration conesponding tol x SSC and 0.1 % SDS. 

1 1 . A protein that is encoded by the DNA according to any of daims 8 to 1 0. 
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